Abstract: Web search engines used in smartphones need to be refined to capture the user's perception and user's search intentions. However, to design such a search engine is not trivial. Fuzzy query may be considered to obtain the user's perception and user's search intentions in voice Web search on smartphones. Handling fuzzy query in voice Web search on smartphones is one of the most difficult problems. It is mainly derived from the complexity and the degree of freedom of natural language. To reduce the complexity and the degree of freedom of fuzzy query in voice Web search on smartphones, attribute-driven approach for fuzzy query is proposed. In this paper, we design a prototype model for handling fuzzy query in voice Web search on smartphones. It is based on voice Web search, user's physical location, search distance, search directory and user's search intentions. The filtering ratio on search results of the proposed approach compared to existing smartphones is presented. In addition, by using the values of attributes for fuzzy term(s), we can achieve perception personalization and Web search engines return the personalized search results that users really want. It may be considered as a new explicit personalization method based on the values of attributes for fuzzy term(s) in smartphones. The proposed method is a further step towards location-based personalized voice Web search (LPVWS) for smartphone users.
Introduction
There is a rising public demand for voice-enabled smartphone applications, because it is the safest and most natural interface of all [1] , [2] . Now, Google provides smartphone users with voice search [3] . For example, avoid typing your search query while searching for nearby businesses (e.g. 'gas station', 'pizza', 'sushi'). A smartphone user can download voice search application from Google Mobile App [3] . Using the voice search application in Google phone, a user speaks search queries in English, Japanese, etc. Similarly, iPhone makes a phone call, plays music, and accomplishes even more using only your voice [4] . Spoken queries are natural medium for searching the Web. A speech interface to the Google search engine is described and experiments with various statistical language models of their prototype system is presented in [5] . However, there is a lot of room for improvement in the recall rate.
In general, existing smartphones make voice Web search by using keywords and user's current location. However, existing smartphones have some problems in handling fuzzy query in voice Web search. Voice Web search on smartphones is one of the most difficult problems. It is mainly derived from the complexity and the degree of freedom of natural language. To reduce the complexity and the degree of freedom of fuzzy query in voice Web search on smartphones, a prototype model for handling fuzzy query in voice Web search on smartphones is proposed. It is based on voice Web search, user's physical location, search distance, search directory and user's search intentions.
Increased capabilities of computer hardware and software have created a vast body of machine-readable resources. However, smartphones users in existing voice Web search, more often, seeking needles in haystacks, are overwhelmed by the quantity of irrelevant information. Often this is caused by a poor query (too vague or too generic; for example, try searching for "cars"). Without the context of the query and the relations of the information, Web search engines in smartphones are doomed to return random samples of the Internet. Despite numerous refinements, most voice Web search engines on smartphones still return too many results and random samples of the Internet. In other words, they often give users a bunch of garbage. In this respect, we need a new tool to handle the removal of spurious returns in voice Web search on smartphones. To make targeting Web search results in voice Web search on smartphones, a prototype model for handling fuzzy query is proposed. It provides smartphone users with location-based personalized voice Web search (LPVWS).
The rest of the paper is organized as follows: A prototype model for handling fuzzy query in voice Web search on smartphones is proposed in Section 2. We introduce a different way of personalization method for smartphones in Section 3. It is the perception personalization based on the values of attributes for fuzzy terms. Three classes of fuzzy terms for representing linguistic quantifiers that cover most used in natural language are suggested and their properties are analyzed in Section 4. We briefly compare the proposed smartphone with existing smartphones, and experimental results are described with filtering ratio(Ω) on search results in Section 5. We conclude the paper in Section 6.
A Prototype Model

General Mechanism on Search Engines
A search engine, on receiving a query, would compare the query with its document index (DI) [6] . The DI is generally consisted of keywords. Based on the DI, commercial Web search engines help users to retrieve information. At present, location tag and keywords provide smartphone users with local angle to make searching for local businesses on the Web. However, it is still within the keyword-based local Web search. Although commercial Web search engines such as Yahoo, Google help Internet users get rich information, they generally return too many Web pages irrelevant to the user's query. In addition, they do not properly handle fuzzy query [1] , [2] , [7] , [8] .
Voice-enabled smartphone applications are one of promising areas, because it is the safest and most natural interface of all. In general, existing smartphones make voice Web search by using keywords and user's current location. However, they make too much search results generally. In this respect, we need to filter the search result for smartphone users. As a new way of filtering search results on smartphones, we consider the fuzzy query to reflect user's search intentions. Existing smartphones still do not properly process fuzzy queries. For example, they do not properly handle a fuzzy query that finds 'famous sushi' restaurants from user's physical location within a specified area. A specified area is a search distance for Web searching. In this case, 'famous' and 'sushi' are generally processed as independent keywords in current smartphones. As a result, they return many Web pages (or URLs) irrelevant to user's query. It should be noted that the fuzzy term 'famous' is a constraint on the focal keyword 'sushi' rather than an independent keyword. We note that the fuzzy term 'famous' plays the role of a constraint on the fuzzy query. Thus, using fuzzy term(s), smartphone users can narrow thousands of hits to the few that users really want. In this respect, the fuzzy terms in a query provide helpful hints for targeting queries that users really want. However, current smartphones tend to ignore the importance of fuzzy terms in a query. In this fuzzy query, we note that the user wants to find 'famous sushi' restaurants, not just 'sushi' restaurants. However, handling fuzzy query in voice Web search on smartphones is one of the most difficult problems. To reduce the complexity and the degree of freedom of fuzzy query in voice Web search on smartphones, a prototype model for handling fuzzy query in voice Web search on smartphones is proposed.
Proposed Search Mechanism
For example, if a traveler is visiting San Francisco and tries to find 'famous sushi' restaurants within 2 miles from a smartphone user on the Web, he/she tells a fuzzy query 'famous sushi'. In this case, the fuzzy term 'famous' is a constraint on the focal keyword 'sushi' and the fuzzy term is processed as follows : STEP 1: A smartphone user tells the fuzzy query 'famous sushi' to smartphone. Then the smartphone saves the user's voice signal information in a temporary storage.
STEP 2: Display search directories such as restaurants, entertainments, etc. Then user selects the directory that the user wants. It is consisted of attributes related to the directory. For example, in case of the directory 'restaurants', a kind of 'restaurants' (Japanese, Chinese, etc.), prices of foods and search distance may be suggested as attributes.
STEP 3: To handle the fuzzy term 'famous' related to the focal keyword 'sushi', the attributes such as 'visitors/day', 'tastiness' may be considered. To reflect user's preferences, a user selects the values of attributes.
STEP 4: By using search directory, focal keyword, search distance and attributes for handling the fuzzy term 'famous' in STEP 1~3 (see Fig. 1 ), it makes location-based personalized voice Web search on smartphones.
The primary source of imprecision in fuzzy query is fuzziness of class boundaries. To reduce the complexity and the degree of freedom of fuzzy query processing on smartphones, the directory in STEP 2 is used to confine the search domain. In addition, values of attributes for fuzzy term in STEP 3 are used to reflect user's preferences. Thus, the STEP 2 and 3 in proposed prototype model can be used to capture user's search intentions. 
Examples
Let the set of 'sushi' restaurants from user's physical location within a specified area be A = {A1, A2, …, A99, 
A100}
and each Ai has its own URL. EXAMPLE 1: Consider a crisp query that finds 'sushi' restaurants from user's physical location within 2 miles (Q1). In this case, the phase 2 (i.e., attributes for fuzzy terms) in Fig. 1 is not used. Thus, search results are as in Table 1 . We note that search results after both phases 1 and 2 in Fig.1 are equal. Thus, users receive locally targeted search results based on the focal keyword 'sushi', user's physical location, search distance and search directory 'restaurants'.
EXAMPLE 2: Consider a fuzzy query that finds 'famous sushi' restaurants from user's physical location within 2 miles (Q2). In this case, both phases 1 and 2 in Fig. 1 are used. For handling the fuzzy query 'famous sushi' restaurants, the following information may be used: keyword = {sushi}, attribute = {no. of visitors/day}. We note that a focal keyword 'sushi' is restricted by a fuzzy term 'famous'. In this case, the fuzzy term 'famous' may be manipulated by the number of visitors per day, and represented by a membership function as in Fig. 2 . The value of focal attribute 'no. of visitor' (e.g., 'no. of visitors' per day  100) is given by a user. We assume that search results of Q2 is AF, AF  {A1, A2, … , A99, A100}, by using α-cut as in Fig. 2 . Thus, smartphone users receive more personalized and locally targeted search results (AF) based on the focal keyword 'sushi', the value of focal attribute 'no. of visitor', user's physical location, search distance and search directory 'restaurants'. In this case, search results are in Table 2 . The expressive power of voice Web search on smartphones is relatively weak when restricted to keyword-based search. At present, commercial smartphones based on the Document index (DI) present limitations in modeling perceptual aspects of humans. In addition, they generally return a bunch of Web μ α Journal of Computers pages (or URLs) irrelevant to user's query. Existing smartphones do not properly handle the fuzzy terms representing human's perception. In addition, they appear to have trouble with returning the targeted results.
Many Web search in existing smartphones support Boolean operators, field searching, and other advanced techniques such as fuzzy logic in a very primitive way. While searches may retrieve thousands of hits, finding relevant partial matches and query relevant information with deductive capabilities might be a problem. What is also important to mention for search engines is query-relevant information rather than generic information. Therefore, the Web search engines need to be refined to capture the user's perception and user's search intentions. However, to design such a search engine is not trivial. Q/A(Question/Answer) systems can be used as a first step to build a knowledge base for search engines or to capture some of user's perceptions and user's search intentions [9] . To capture some of user's perceptions and user's search intentions, new machineries and tools need to be developed. Therefore, we envision that non-classical techniques such as fuzzy logic based-clustering methodology, fuzzy similarity, fuzzy aggregation, etc., are required. The STEP 2 and 3 in the proposed prototype model might be used to capture some of user's perceptions and user's search intentions. They are regarded as new Q/A components for handling fuzzy query in voice Web search on smartphones.
Personalization in Web Search Results
Personalization technology gives the user a more tailored site [10] . On a Web site, personalization is the process of tailoring pages to individual users' characteristics or preferences [1] , [2] , [7] , [8] . Commonly used to enhance customer service or e-commerce sales, personalization is sometimes referred to as one-to-one marketting, because the enterprise's Web page is tailored to specifically target each individual consumer. Personalization is a means of meeting the customer's needs more effectively and efficiently, making interactions faster and easier and, consequently, increasing customer satisfaction and the likelihood of repeat visits. Personalization in some ways harkens back to an earlier day, by making consumer relationships more closely tailored to the individual. If you've ever bought a book from Amazon, for example, the next time you visit they will -like a friendly and helpful sales clerk -greet you by name and tell you about products in stock that they think you might like (such as more books by the same author, or books purchased by other people who also bought the book that you purchased). Many portal sites, such as Yahoo allow site visitors to customize the page with selected news categories, local weather reports, and other features [11] .
The Web is an impressive success story in terms of both its available information and the growth rate of human users. It now penetrates most areas of our lives, and its success is based on its simplicity. Unfortunately, this simplicity could hamper further Web development [7] , [12] . Often, search engines will return many results, but most will be uninteresting to the user. If a search tool can get geographical information or learn preferences or contexts from the user, this information can be used to improve the search or document-ranking process. Web pages are personalized based on the characteristics (interests, social category, context, etc.) of an individual. Personalization are generally based on implicit data, such as items purchased or pages viewed. There are three broad methods of personalization:
• Implicit • Explicit • Hybrid With implicit personalization the personalization is performed by the Web page. With explicit personalization, the Web page is generally changed by using the features provided by user. Hybrid personalization combines the above two approaches to leverage the best of both. Many companies offer services for Web recommendation and email recommendation that are based on personalization or anonymously collected user behaviors.
Internet users do not have to watch all the irrelevant noise. In this respect, personalization technology gives the user a more tailored site. It is the provision to the individual of tailored products, services, advertisements, or information relating to products or services. Personalization of Web pages can be accomplished in numerous ways. Some approaches require the user's participation (typically through filling out a form or questionnaire). Other approaches operate behind the scenes, without depending on user input, for example, by using Web cookies for tracking what user likes to view or by analyzing Web server log for the access pattern and statistics, etc. Search engine logs provide a wealth of information that machine learning techniques can harness to improve search quality. A community-based personalizing Web search approach can leverage the latent knowledge created with in communities by recording users' search activities (i.e., the queries they submit and results they select) at the community level. They can use this data to build a relevance model that guides the promotion of community-relevant results [13] .
Google's Web history uses more detail private search activity [14] . Web history can tell you about these and other interesting trends in your Web activity. An important problem relating to personalization concerns understanding how a machine can help an individual user via suggesting recommendations [15] . In this respect, we mainly present the perception personalization based on the values of attributes for fuzzy query in voice Web search on smartphones. In general, different people may use different conceptual comprehension (fuzzy terms, membership functions, α-cut), with respect to the same situation. Thus, by using the values of attributes for fuzzy terms, we can achieve perception personalization and Web search engines return the personalized search results that users really want. It may be considered as a new explicit personalization method based on the values of attributes for fuzzy terms in smartphones. It may be also considered as a solution relating to personalization for 'understanding how a machine can help an individual user via suggesting recommendations' described in [15] .
In this paper, we introduce a different way of personalization method for smartphones. It is the perception personalization based on the values of attributes for fuzzy terms. Together with existing personalization methods, the proposed perception personalization may be used as a complementary and synergistic rather than competitive.
Classification of Fuzzy Terms
Zadeh [16] suggested we can represent linguistic quantifiers as fuzzy subsets of the unit interval. In this representation the membership grade of any proportion r  [0, 1], Q(r), is a measure of the compatibility of the proportion r with the linguistic quantifier we are representing by the fuzzy subset Q. For example, if Q is the quantifier 'most' then Q(0.9) represents the degree to which 0.9 satisfies the concept 'most'. Yager [17] identified three classes of linguistic quantifiers that cover most of these used in natural language.
1) A quantifier Q is said to be monotonically nondecreasing if r1 > r2 then Q(r1)  Q(r2).
2) A quantifier Q is said to be monotonically nonincreasing if r1 > r2 then Q(r1)  Q(r2).
3) A quantifier Q is said to be unimodal if there exists two values a  b both contained in the unit interval such that for r < a, Q is monotonically nondecreasing, for r > b, Q is monotonically nonincreasing, and for r [a, b] , Q(r) = 1. Similarly, we can identify three classes of fuzzy terms that cover most used in natural language. For example, we may consider the fuzzy term 'famous' as monotonically nondecreasing case as shown in Fig. 2 .
EXAMPLE 3: Consider a fuzzy query that finds 'low-price sushi' restaurants from user's physical location within 2 miles (Q3). In this case, the fuzzy term 'low-price' is represented as monotonically nonincreasing. EXAMPLE 4: Consider a fuzzy query that finds 'moderate-price sushi' restaurants from user's physical location within 2 miles (Q4). In this case, the fuzzy term 'moderate-price' is represented as unimodal. 
Experiments and Comparisons
The proposed search mechanism in Fig. 1 can be explained by SQL-like language: SELECT * FROM {a set of Web sites that satisfies keyword(s), user's physical location, search distance and search directory} [WHERE the value(s) of focal attribute(s) in the directory are satisfied by the user]. We note that existing Web search engines in smartphones tend to ignore the importance of [WHERE] part. The proposed mechanism gives users a more personalized and locally targeted search results in voice Web search on smartphones. We note that user's search intentions can be explicitly reflected by using the values of focal attributes for fuzzy terms in the directory.
Compared to current smartphones, an advantage of the proposed approach is obtained by using the filtering ratio as follows:
Let Δ be a set of Web sites that satisfies keyword(s) in the Document Index (DI), user's physical location and search distance used in the current smartphones. And let δ be a set of Web sites that satisfies both keyword(s), user's physical location, search distance and the value(s) of focal attribute(s) for the fuzzy terms, then the effectiveness of the proposed approach compared to the current smartphones becomes δ/Δ, where 0 ≤ δ/Δ ≤ 1. We note that if we get a smaller δ/Δ, then more personalized search results (i.e., more reduced search results) are obtained. Let Ω be the filtering ratio on search results of the proposed approach compared to the current smartphones, then Ω is computed as Ω = (1−(δ/Δ)) × 100. To carry out experiments on the filtering ratio(Ω) on search results of the proposed approach compared to the current smartphones, we consider three classes of fuzzy terms in Section 3.
1) Monotonically nondecreasing case
We use test file with 100 records. Each record i (i = 1, 2, …, 100) has <keywordi, attribute_valuei>. That is, 100 records are consisted of 100 keywords (i.e., restaurant names) for 'famous sushi' restaurants and 100 attribute values (e.g., 'no. of visitors' per day in Fig. 2 ) for handling the fuzzy term 'famous'. In this case, the
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filtering ratio(Ω) on search results of the proposed approach compared to current smartphones becomes higher as the values of the attribute increase. In a monotonically nondecreasing case, as the values of the attribute (e.g., 'no. of visitors' per day) increase, a higher filtering ratio(Ω) is obtained (i.e., more reduced search results).
2) Monotonically nonincreasing case
We use test file with 100 records. In this case, 100 keywords (i.e., restaurant names) for 'low-price sushi' restaurants and 100 attribute values (e.g., Sushi price in Fig. 3 ) for handling the fuzzy term 'low-price' are used. In this case, the filtering ratio(Ω) on search results of the proposed approach compared to current smartphones becomes lower as the values of the attribute increase. In a monotonically nonincreasing case, as the values of the attribute (e.g., Sushi price) increase, a lower filtering ratio(Ω) is obtained (i.e., less reduced search results).
3) Unimodal case
We use test file with 100 records. In this case, 100 keywords (i.e., restaurant names) for 'moderate-price sushi' restaurants and 100 attribute values (e.g., Sushi price in Fig. 4 ) for handling the fuzzy term 'moderate-price' are used. In this case, the filtering ratio(Ω) on search results of the proposed approach In a unimodal case, as the values of the attribute (e.g., Sushi price) come closer to the midpoint , a higher filtering ratio(Ω) is obtained (i.e., more reduced search results).
In summary, the filtering ratio(Ω) on search results depends on three classes of fuzzy terms (i.e., monotonically nondecreasing, monotonically nonincreasing, unimodal) used in natural language as follows : 1) Monotonically nondecreasing case
The larger the value of focal attribute, the higher the filtering ratio(Ω) for a given fuzzy query.
2) Monotonically nonincreasing case
The larger the value of focal attribute, the lower the filtering ratio(Ω) for a given fuzzy query.
3) Unimodal case
If an interval of focal attribute determined by α-cut is [ai, bi] , and let  denote the midpoint between ai and bi, then the degree of closeness to the midpoint  can be used as the filtering ratio criterion. That is, the closer the , the higher the filtering ratio(Ω) for a given fuzzy query.
We note that experimental results on the filtering ratio(Ω) in Tables 3-5 are partially affected by misspelling queries, out-of vocabulary words of fuzzy terms. We briefly summarize the differences between the proposed smartphone and existing smartphones in Table 6 . 
Conclusion
To reduce the complexity and the degree of freedom of fuzzy query in smartphone, a prototype model for handling fuzzy query in voice Web search on smartphones is proposed. It is based on voice Web search, user's physical location, search distance, search directory and user's search intentions. Experiments on the filtering ratio (Ω) compared to the current smartphones are carried out. Experimental results show that the filtering ratio (Ω) depends on three classes of fuzzy terms as in Section 5.
In this paper, we also introduce a different way of personalization method for smartphones. It is the perception personalization based on the values of attributes for fuzzy terms. For the better personalization, existing personalization methods and proposed perception personalization may be used as a complementary and synergistic rather than competitive.
Recently, Google is continuously trying to find intelligent search methods for reflecting user's search intentions on Web searching. Google launches knowledge graph, a new intelligent search platform [18]. Google's goal is to get you to the information you're looking for in fewer clicks, while also increasing the relevancy to user's search intentions. Google's calling this the first 'baby step' towards a 'Star Trek Computer' future [18] . As a new way for reflecting user's search intentions, the proposed approach could be also applied. The proposed approach provides smartphone users with more personalized and locally targeted search results. It is a further step towards location-based personalized voice Web search (LPVWS) for smartphone users.
Future works may be extended in several directions based on the current proposal: First, to handle various fuzzy queries, classifying directories and analyzing their attributes could be developed. Second, there is a need for some field works to test the value of the proposed approach. Third, handling multiple fuzzy terms in a fuzzy query could be developed. For example, a fuzzy query that finds 'famous and low-price sushi' restaurants. In this case, some weighting methods for handling multiple fuzzy terms could be developed.
